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C4rlJ fuel -Val from ttu ●ctivo coro of a
liquih-gtnl-enelod fact bro40r reactor undorgo-
i~ ● Coro-llimrptiva ~ccldcat my *CO tbo po-

tmtld for la~e -~otlcs msdltirw f- *-
eritkcmlitios. fits papar prwants a roviou of

mmlymu with ttu SI~-11 c~tor prn~rm of

tho ●ffect ivamst of Podmibla fuel ●scsw pstlw.
Uhoro pnstiblo, hou S_-11 cwaros with or to
validated Against aqwrimntc that ci-latd tti
●scapa patbl mlno it diccumod.

ImmwcTIm

AILhou@ ●mcludti fro= tho damitn bAaia,
coro-mlt ●ccidontm in liquid-mtsl-coolod faint
broodor romtorn UMPBUo) ?L8vo cla Lti a prod-

ncnt ml. in licomins. Clomly, tho probability

of ●uch ●vate, which ●m ~ro c~ly bwun ● s
cors-dimuptiv~ ●ccidmtm (CC+M)O to very 1*.
Havor, in tfw -E CM., configuration of

hi@tor rosctLvity ● ro possible ●S rnLtdmm and
loea of th9 oritinal cor9 soomtry occur. fro.
tlw thooratlcal possibility of ●chlwins very
hi~h tsoraturss and Fro6ruram with diract ond
pctonthlly sovoro cons~uoncao on tho contsin-
mnL bmrriors civos rim to M WOE Cormric
●foty isauo--.thAt of “on9rBoticml”

Ptml eval from tha tctivo-cora drLvor
~ionm during postulmtod CDAS in MPBEs is Of

prlmmry imortmco in dotaminhie tho ultlmto
●ccident taminatlon modo and ita ●vorlly in
tal- of morAaticmo Earlkr S1--11 c~lcula-
tions of tho mltdvm ptwa of such ●ccidmtm in

fwtmrotmoms corom(l) havo fl-i tht ● prm.n-

sity for fuel slqins prnluc-s I dmnlc ●pa
rwpomo chsrmctorimd by a ●riom of prqt- or

naar p~=-critical -r bmuts. Similar con-

8i6*ration9 far th9 clinch livmr Srwdor Wctor
(-) Imvo indiatod tl’m fuel Cmsntion is ●

primry pmth to BMnificant. amorsstlos, (l) TIM
-r,ud savcrity 0{ much rwritiaalitloa ●ra

-latod dlmatly to tla cvmilabilitj of mbila
fual in tha sctiwo aora.

B4rly fuel loasom em ●LLmLn9tf4 or mdmrsto
rocritiaolithm. Tha rulMamfltDlprorquisitas

fur tlwly di-~rsai of AJG1 ● r. tti ●vallsbllf.ty
of fuel .#aapa patho, tho ●bility of coro mAtori-
ala to wv9 throu~h tt.ao9 patho, tha mimtum *f

proscur, ~radimts to provida tIw roquirod ratsn,
md mfficiont fual rootmolr VOIUU out-id. tha
activo coro. PWl ●ncspo path- My bo found in
the Nbsss*ly pin bundlao UM the inLorwbao-
L1-ly ~nps. St-l (claddi~ or subasmombly
nil) bmndarioc ●ximt for both kinds of pathn;

I18nca, ●s a minim, tha ●ocaping wltm fuel (or
fual/rtool mixture) mld ba axpossd to ●pproxi-
mtoly 1000 K louor t~ormtums (tlm difftronca
botuoen tho fuel ond stoola91tinspoints) at
thmao boundarloc. U ● consquo?ico of Lhi-
-trong cooling onvironmnt, tho ●ffactivonosm of

thooo path- in ●llnuim tfm r~uird fuel rmvsl
mst h tm-omod ●galnot th potantial for ro-
fr~zing ●nd PIUMLIU during thio di~orosl
procamm.

Tho SIMBB-11 (~, I.wlicit, mltifi~ld,
~lticumpomnt, Wloriaa, lscrlticmlity) comtor
pro~ram(~) um dmmlopti to parfom accidant sQ-
qllonco calculatLonn. It- dwolo~nt r:sul~od
from rocognicl~ tha i~ortmra of quantifying
tbo phrntina occurring durlnS the tranaltion
phm mnd tho &ortanco of usin~ wparlmantally
~ortd Correlations dopandont cm local con-
dition- for tho mmnn, ~tum, snd snorgy trano-

for occurrin~ in fast roaetor ●ccidmtm. It io
th pu~ow of this pnpor tc pro-ant a rwlow rf
SIOOfID-11 ●clyOon of (ho sffactlvomnn of ponol-
bh fuel ●nccpa path- uid ● rovlou of ●xporlr@nt
AMlysoa thst hAVQ baon porfomd to toot tbo
~IM!U-11 mpprmch.

Prom thun amlymm, it m- concludod that
tlm porosity ropromntod by tha ●utonsion of ● s
CS~ p~thA Imymd tk UtiVO COrO UA- ●hnily ●uf-
ficirnt to ficc~ato 4- of tha coro VOIUIM
(MU aPProKimt@ avunt nocomswy to provont fur.
thm rscriticalitios) snd bocauos ●vhilabla paths

incwa~o #ith dLswpt\on, lmrBo-mcalo dlcmptlon
with ● mstainod hi-h fuel inventory in th~ cora
would bo difficult to wintain, Ttms, tha dls -

wption ●quonco and ●omoclntod ntiltronlc r..
SWH.SQ ●ypaar to f’uva ● dmod ctmractor (mild



SIHUR-11 ADALY8SS

-b 1 ● PWU for Puo 1 ~v~

A fual mval path .1s Choroctorlmd by its

●iso. SonOral awilability, ond rAsOOCiatOd rooar-
voir ●izo. TIM fir9t availablo fuOl _V~l
patha ●m th no-l Coolont-flw panmuos fra
tln ●etivo cora into tha uppar ud lowr axial
blonkmts , CluddimS bloe~os OIM fual froozins

md pl~i~ in thOmO axial blmnkot PMSaS*S My

limittlu ●ffcetlvonoms of tlmso pmth.e to =11
dimchorsos hlt thosewith a’uporhoatod fuel ●t On
Load ins Odsa. -var. if tha fmozi~ md pLus-
Jins procotc ●ffoctivoly sblmtom tha chddiq,
tln tuo axial blsnkotn could acctiato ●bout
7m of tba Coro fuel.

~ oacond psths f c+r cmrly fuo 1 rmvnl sra
through tha internal md radial bititi aubaa@m-
bly ~apE (Fit. 1). For tl-ly and ~b~t~ti~i

L-p fuel rowval, tha rosonoirs for fual doposl -
tion -at ha larso and ●vailabla. of thaaa rt-

corvoirn, the lwar axial blank-t saps can hold

●bout 10I of the driver fuel. and tha B*P- of tha
radial blnnkot can bolt *bout 1~. In ●ddition,
= vary largo volm is ●uailabla in tha r.~dial
rofloctor region ■uch that it con ●corrmdata
ourficiant fuel for pa ~nt eubcriticality.

~ final fual rmv~l path- ar~ tha con-
trol rod vubaanomblioo. If tha ~8p9 cmnnot r9-

WVQ tho riacamnmry amnmt of fual, thora may ba

PmaaPL#-
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~fflcimt hoot flu to tha 90110 of S09 prkry
control W*B*liOS to csuma tha to fail and
tbm provido oddltlonal fuel ●ncmpa patlte. Jumt

tha vol~ Ml- t?m partially wltMr~ control
rods Cmld ●cc-ato -ra than 10s of Cora
driver fuel without roquirirq fuel flw thralgh
tho inlet orifkos.

Tkraforo, M can concludo that rssomoir
copsclty is not ● probl~ Mcauso tln perocity
ropramontd by voidad coalant Ghonnolm, Lntorsub-
SOSAIY csp8, ond witMro~ c~trol realm is
larso and bocauoo tha volm nocosamry to accom-
-to OpproxiMtoly ●m of tha Cora in -11.
Ti* ●vailabla poths to ●ccooc this cspacit~ in-
CrOOOa with dismption such t?ut la~o-ocala din-
mpthn with mmtalnod high invantoq in tiu com

would ho difficult to ~intrnin.

-m Qf ?1OW MolYcod wit h SI~B-1~

Two of tha fundrnntal proroquisltoa for
tl-ly divporsal of fuel, tho ●vailability of ● ~-

cape pothc and rosorvoir capacity, ~anorally ● ro
●tiafiod in ~at ~U dosi~nn. W now connldor
● third pramquisita. tha ●bility of fuel ●nd
stool to ~va throu~h tho ●vailablo paths. In
particular, - ●valumto tho ●ffactivonotn of tha
varioum ●ncapo pathn ● s red-lad and amlyzod us-
“ins tho SI~B-11 COdO.

Tho first sot of SIMR-11 cmlculatlonu md-
●lad ● CEDE ●ubooaambly from tha mctivo cora mid-

.plom to tho top of tha fistion sam plmum and
uoa usd to invonti~otc tho fuel r~val poton-
tlal lhrouSh CSBR pin bundloc, (~) Tha troatmnt
of the ●xtramly c~licatod intorsctlva fluid
flom and hont trwmfor ●ssoci~tad wltk ctool
-ltin~ and fuel froaclnt was baaed on a Canoral-
icad mda!., Thi# modol WRC valldatod ●cainat tho
●valla’blo pratotyplc-matorlal ●xporiwntal data
to Ym doscrlkd kht~r, Conorolly, tho fl~urm of
uit comidorod in ●gnonsins froacing ●nd pluB-
siw -01- i- fUOl pOn9tr0t10fi diJtMCO, The
ctlculhtad \lonatration diatanco vn prosruro i?
chorm in Fig, 2. A ponotration of about 0,35 rn
corronpond~ to c~lota removal of nomrly ono-
half tha ●ubaoturibly contonto, rho Calculated
fur! romvo’. potontlal for ● dlncharga following
● peaar burst durin~ tha ●arly subaosambly dim

mption phaari alro i- ●hwn in Fit. 2. Tha core
mmt-rial wan acmmod to b ● mlxturo of cladding
st~~l and fual that wtirn S- ~olid snd 50% liquid.
IT. nL@al and fuel uar~ b~ou~ht into thannel
qulllbrlum ●t tha fual maltln~ point. Tha din.
char~a wae drivan by powar burots of differant
magnitudoc wtth ● rapraeantativa CEMI ●rrial powor
chapo , TtvJs, mall bure~.e producoJ lW dimclmrga
praonurae ond had particulstan ●t tha Lasdlns
d~a. Tha cladding staal w-f ●inwd to ba die.
tribtod physically on a cetlo for rapid haating
by the fual (in laaa tb~ 0? s) awl tharafor~

uoe tha pra-auricint matarlal, Tha corranpon
danco botwaan Irurat ●nar~y in full-pwar-naconds
(WPS) and ●taal vapor prancurw can ha oaan in
Pitl 2. ‘Tha calculatlone cuttaat that subotan-
tlai fual reval can be ●rnpactad for ● wida va
rlaty of condltkone if tha pin bundlae ● ra un.
blockod initially.

In tha ■cond o-t, ST~IR 11 calculations
Uora parfomad to dc+tamnins tha dierhar~o charac
toriatice of fUal/stool mixturae thruugh int,or
aulmmadly Snp9, ThO first ■tud.,(~) involvad *
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Fig. 2. Pwl penotrmtion dlntaneofi in pin bun-
dles for varioun ●sa~tiona end eondi-
tiorm .

uholo-coro ■hzlation with ● disruptd outor e.n-
nulmr driver containing s slqd pool of -ltm

fuel ●nd ●tool ●t 3100 K. The ra~ion inslda the
ennular coro ro~ion u8m -oled *C ● nonp*rtici-
pathg “’filler-. region for convanienco. TIM lou-
● r ●xial blanka: rasion belou the pool wmo troat-
●d ●a m ihtmraubmammbly gap region (conaidorod
to be ● tuo-d-nsionml “porous’” region with the
lntarnubann-ly SZPO tii~ the porosity ●nd Lho
pin bundlo bai~ blockod c~lctaly with st-ol),
Tho rsdisl blmnkot snd rafloctor aurroundinA
the-c rotiona ●lso tmra trmatsd at ● gap ro~ion,
●n wma tha subaommbly rocion balw tho core. A
laak path for tho sodium lnitiaily in ttw gapo
mm providad ●t tho top of the radial blank-t
raglon to ●iwlato tho em.mll cloorsncoo batuaon
the oubaocembly load pmda, A second laak path
who provided ●t tha louer boundary to aimlfitt
the i~orfsct •oatl~ of tho eubaanombliao in tho

coro nupport plate. The problem ●otup for this
●nalysio it shorn in FiB. 3, Belt-through faLl-
uro of @ubscoambly duct u81Lc soparnti~ tha cora
pool from tha radial blank-t sap region Lnitlatsd
tho flow of pool metorial intu tho rmditl sap-.

beforo thi-, ●- rlou into tho lowr ghp rotion
occurred. Ae pool Mtarial (consictl~ of 25%
fuel particlmn, 25S liquid staal, nd 5- llquid
fuel ●t th- t- of Mall failure) began moving
into the radial blankat hap-, son liquid fuel
partially froco on tho ●tmcturo, ht ~ct froca
into ptrtlclan ●n ● result of slurry coolln~.
The psrtlcloa -r. ●blo to qanotrato far into the
sap region. In pertlcular, tho fuel Maa in the
cl~od coro hed docramood 3fi by 3 - ●ftor w-II
fal lUI’O. Thim bms eufflciont to docrmso ti~ni-
flcantly tho probability of further rccriticml-
ity. ‘1’hia .potontlal for fual revml dopmdu on
the vsrlow heat-transfer procasooc that ● ra oc-
currl~ ●lwltanooualy. Thacc procoaooo ●ffact
the &untn ●nd timln~ of fual pmrtlclc and fual
cm-t formstion, sodium intaractlon end vnporl-a-
tlon, ●nd tlm oponi~ of flw pmsns~on, I’him ●ot
of calculatlonm Indicntod ● mtronu potential for
uhols-coro fuel raval into tho grips nurrmntdi~
tha cora won without ●trong neutronic burrtm to
provido the praasuro.

I

I

rig. 3. Calculstl”cul mdel for tho whole cora
mnslyoim of fuel rmtuvml through inter
subaomambl)- Rape. Tic merkn indicate tha
radiml snd axial mahoo,

Rxtanni./e calculhtiono ●lno ware reeds for
fuel removal throu~h the inner blanket intarsub-
●eeanbly sap- for the CRBR Heterogeneous core un
Jar the conditions of m unprotected loso-of-flow
●ccldant. (~) A -11 load pad region -ithin the
upper ●xial blanket wan included. me load pad~
● a pmrt of the core roatraint ■yetam in CRBR and
●ffoctivoly raduce the local flow area to lens
than li of the nominal sap ● rea, l%. lower ●nd
rcdlel ●yetem .bounderios vere ●ommed cloeed; t,he
only way for mterialo to leave the ●yotom was
throubh the narrow lohd-ped gape ●bove the co:.e,
Celculatlono aloo were performed with the load
pa6v rmved. The dominant dlnchargc llmitetio!,
wee shoun to come from the narrow ioed-ped gapu
●o they progroecively cloned from freezing of
core mstarlels; when the load psd ●ffectc were
daloted, ths ●chievable di-charge fraction WOE
more than tripled. Parenthetlcelly, theoe CSICU.
latime point out the doslrtbility of nonre.
strlctlnS lead pede. These results ●how that Lhe

in-core saps can be en ●ffectlvn ●venue for ●erly
fuel rumval,

To ●tudy further the physics of tho core mm
torhl dlecharge throuth smp chonnel~ snd to Beia
confidence 10 the fuul r~val pred),ctlon, ue

psrfomed ● large met of celculat.onm with
SIMER-11 uei~ slab Coomtry End fuel ●nd fuel/
stml mixturee under ● variety of ccndltlons(~)
The mnelymi- u8n oriented toward the fuel din
cher~e through the Cepe between Intemel blenkets
bmcauoe they ● re important sn ●arly remve!, peth~
a- lndicmted ●bove, Calculatlon~ of the fuel re
rnval capability for differant ●ltuetlone ore
shoun in Fig, 4. me ● reen under the curreL rep
resent tha men rwvod throu~h a 0,5.-m-long



Fig. 4. Gap chm-uml fuel r~val trmrim’rtn for
vmriow conditions.

chennel with ● lateral ●tiant equal to one ~idm
or flat of the hex eubmommbly. The injaction
in t?beae Caaas nn fuel only. * ●ffect of

euporheat vm to incroam throu@put initimlly
becnuca of delayed cruet grouch. fie wall ●bla-
ted end introduced large qumntltlea of liquid
oteel into tho stream, which reduced the fu~l
throughput until it wae trenaportad out of the
Chmrrml . T’h throughput then increeted rapidly
becmusa the ●blatl~ w*11 hmd been caraved and
the flow ●rea incroaoed. Increared pracmure pro-
duced higher throu~hput. initially, rnre rapid
wall ●blstion, end ● quicker ratum to high flow.
A typical fuel remval quantity for thm ■upmrhaat
Camom was spproxkmtely 15 kg/gap, occurring
within ●pproximately 1 n, ● ven if the later flow
re-eotabliahment was neglected. Given the large
number of int~. .ml blmnb-t gapa in n typical het-
●rogenoout core, an i~ortmt fraction of thm

coro Lnventory could be meovod in thin way,
Th@ final fuel rewval patho considered were

the control rod ■ubasoamblios. (~) They era cold
relatlve to the dlerupted core md ● ra protected
by residual ●odium flow. To ovakumte thir fuel
reumval possibility, SIMMER-II wmB uned to mdal
a prim[y controi rod (PCA) subassembly with a
surrounding annular pool resion that reprmiented
six naLghboring dinrupted driver oubasoomblles.
The problem setup for thi- •nsly~i- 1s shown in
ria, 5, Succemmivcly imomed power hrcto cmuned
thlm dlmnptad pool of mlten fuel, miter, steal,
●nd wdium vmpur to be in ● oloshing mod-,
SIMKR-11 then calculated tha reoponnm of the
control ●ubmooembly to this alonhins pool. TIIC
control ●ubaenmbly contmined an unvolded control
rod aomembly ●ncaoed in en inner duct wmll that
could be ~vod eximlly relntlvm to the ●ubasoem-
bly outur duet WCIL durinS no-l operatkon, b-
tuaen the-o lwo UM11O was ● bypmas that, in

nomel op~ratlon, csrried 391 ot the control wb-

●neembly coolant flow. Helt-througtl failure of

tho outmr mbasserably duct wall nepmrntin~ the
dinrupted core meteriml from the cohtrol rod as-
membly inltlated tho flow of pool meterlnl into

3942
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RADIAL Dl=ANCE (m)
Pig.5. tio~trical repr-nentation of the con-

trol subassembly and it~ surroundings,
Tic mrkc indicste the radial ●nd ●xial
rnohes,

tho voidod bypano recl~r,, The hot fusl wan ●ble
to flow in both ●xial directions,

Two csoeo that dlffarmd only by tho
diorupted-pool atat~ ●t melt-t.lrough were calcu-
lated: (a) the pool uen ●t 0,64 MPm mnd 3510 K
for Crone 1 end (b) the pool wsg ●t 3.05 mm ●nd
4290 K for Cane 2, In Came 1, pmrtlcle blockaseo
fo-d in the upper bypas- no that tha early fu~l
●ocape peth ue- downward towrd the ●hield block
end orifice plntea. However, the resulting fusl
eoolent lnteractlonn producod prennure Sradientn
of ●ufflcient me~nitude to force fuel ●nd steel
up into the pin hndle of tho control-rod arsem.
bly. Thio inducad msltln& of wch of the clad-
di~ end inner wmll ●nd provided ● favormble
fuel ●ncape ptth, Of the 55S of fuel rewwd
frm the OLX -lted ●ubaosemblioa, 75Z flowod out
the top. In Caaa 2, the inLtlal pool presnura

and t~eraturs were ●ufficlent to ●void severs
block.qom; tha upwmrd diroctlon provided Lhe



loaat mwtmint to flw fm the *lMIIw. Por
thlm s, ●ZS of * fuel - -Veal f- tln
six wltd NbM-lies WLth S3% of this Soilrg

*t b tap. m romlts Lldicatd tbt fuel ●s-
C8pe frcq ● -mlr dimuptd core throu@ pri-
m Cmtml W-S*lLM -J indeed h m k
portmt cmtrl-tion toemrdli=ithq further
rxcrltlcalitios.

w cm Clmcludo em ●ll thatio Onelysam thet
fuel Will M roved randily thrountrtb Pntha
~~ted by VOidd COOktt chMmah , iotorxub-

asmdlr PWS. d witMr8m control rods. TtM,
bcaJso the roeo~oir capacity is mvailablo and
tti nvmilsblo patha to ●ccom this capacity in-
C~O with disruption, h~O-_C~h dia~tim
with auetained high inventory in the core crould

ba difficult to nintain. -roforo, the otun-
tial for la-e r- rate ●vente ●nsociatad uith
high- inventory wholo-cora ●loani~ of th fual
will b doemaaed grutly.

WMUE-11 TBSTIMO W WE!. -vu

SIMIR-11 tiel predictions i~rtant in
fuel mml analyeie rmra cmared with ●xperi-
-tal data. These c~nrisone are diecuesd
blow.

Bations 1 MbQ ●torwr (m) Pin- Mmdle
~rimte

81~R-11 talc.Jlntlons for ● ran~o of froez-
ins and pluuins taste uerg c~ered with ●xperi -
untal data. (~) They xare i~ort~t for vmlidat--
LIIB the c-lax dalins of the -lt*n eatorlal
Clew into the xxhl blxnketm of tha driver subao -
s~liae with ●eeocisted freezing and pluLslru in
the pin bundle geomtry. The c~lexity ~rlean
becauea fuel solidified ●t s t~ornture rmre
then 1000 K higher than tb malting point of
steel . TIW fact that ●tael ●ubotrate rnlting may
occur during the fuel freezing proceue may indi-
ute dcotruction OL Insulating fuml cmete and
hence Sramtor freezinn and pluuin~ potential.
Thin bdwlor transfoma ● stralghtfonmrd homt -
tranefer calculation into an ●xtremely c~li-

cmted !ntoractive fluid flex and heat-transfer
problem A sonarallzed mltipha-e, wltic~on-
ent flow mnd heat-tra.rufor model included in

sINfBB-11 •tt~to to ●ccount for the-e c~lica-
tione.

The w-t iqortant data currently wmllmblm

for vmlidati~ the -al in pin-bundle gomtry
ie that of Spencer.(Q) The tmct ●etup ueod ●

themite injector ●ttmcti to ● saven-pin rod
bndlo contelnl~ prototypa CUB axial blanket
pine; it w8s modeled ●n ● t--diwneional rylin-
dor U*LIU S1--11. Fiva cnlculatione were por-

fo- to toet diffarent wdal am~tions. with
one ●xception, the fuel flow ●topped In fill came
bat-en 0.30 wd 0.45 m, which is ●bout the
l~th of the axial blank-t pellet ra~lon, Large
steel blockagoe rmr- fo- lowmtraaa of the
fu91 in ●ll came. S- particulate fuel wee
blown dounstramm into the fls-ion gas plu.mx re-
gion baforo the etool blocka~e fo~. AX tha

fuel entered the to-t ●ctlon, the claddl~ rmp-
idly ablated xnd vntmlned into the flwlrq
strexn. TM entrained steel cooled the fml in
m hlk fr~cing -O and produced ● steal-fual
particle ●lurry. The tmlk t~ormtura of the

●lurry decroeed M it flowd ●luminhly doun-
st-. T1’n●twl froze m the ualle st m dcun-
st- bcatim. germrally ●t ● ●blated sprins
-tiiner lecatkn ~re the uell beet cxpacity
w hish. Bvam ● pactlel occluelon b~ ●teel
fraozm a.ctd u ● blockega in that the pmrti-

culoto rnlurr~ had ● vary difficult tlg flowing
throu~h it. Table I lietc tkne taste UM x
wrizos the reaulte of calculatims.

GB@-l- r ta
At the premont ti.xe, thora ● re on17 ● fw

mrimtm of fuel injection into SSP chenneln.
Of thoa-, the CAP3 mnd ● e~r~te perfomad tit
~(~) aro of interoet bacnueo of their protot~-
icality and 10V injection proeeurm. TIM !e~l
rasulti are ●~t euprleint in that they :r~-
duced short Penatrationm. 0.1 to 0.3 m, im sn en-
vir~nt that wee ●xpected so be controlloo by
c-uction-controlled freezing.

These ●xperimantc were xn.alyzed with
SIMBS-11 to sack an underetmndi~ of the data
u xell ●m Cor vslidathg it.(~) Straibhtfoward
Spplicmtion of SIWE-11 lad to penetration- of
&raater thm 0.3 m. To caume ●arliar flex ●top-
pags, the ●ffective viecoeity of the ●tream had
to be grmatly ●nhanced by the perticulats frac-

t~on in the flou. TJ Set sgroxmant with the GAY3
●xperiment, it had to be meeumxd that Lhe inject-
ed ●tream f.nitimlly contained 5Z by volume of
particles. GA.P4 aay not have had Lheee particles
becauee of the reduced waiting ti~ between the
thermlta reaction and the initiation of the flow;
the predicted behavior ueing this model msreed
w1l with this teet. Although a ,mique mstch to
these experiments ie not poesible becauee the
corulltiona in the leading ●dse of the discharge
cxnnot be determined, the mndll does •!l~geot
plaualbla ●xplanation for broth resultn without
mnjor tiel adjue~nt.

QQntrol Ma m, rimentn
Recently, ●xperimemte(~) warm perfornacl at

ACL with the objectitie of einulating a midplane
fue~ injection inia ● nonvoided fully withdrawn
PCA contmini~ ●tagnsnt sodium to r~preaent the
rnltdown phaoe of ● CDA in ●n lXPBR, Their teat
●sction, ~nted in th~ CAMEL 11 ●odiumflow lGop

●t ML, vxe deei~ned to match both eteady-etate
md trannient hydraulic behavior of ● PCA. It
containsd ● la~s open inlet pipe that aimlated
the fully wltMrawn PCA region. Above this was a
transition to ● reduced-area ●xit pipe that eim.
lated LIU abnorbr pin-bundle ●nd bypmns -eglon,
A 2.54-ce-dlam fuel-injection port xx- in the
Aide well juet below the treneition, Molten fuel
from a thomlte reaction ●t 3470 K wsa driven in
to tha tect ●ectlcn tiith corqreaaed ●rgon gem,

fio ●Odh in the teat ●octLon Wea ●t 773 K. To
determine the subaequant fluid dynemlcs and fuel
reloccclon, wnaure,rn,nte relatinS to flow, prea
sure, end void fraction were made alon~ the teet
●actior.. h teeta wars perfomd: in the first,
C6, the fuel wmt injected with ●n initlml ●rgon
driver prmaeur, of 0.63 HPa; the ●econd, C7, had
● driver preacure of 0.31 ma,

BI~B-11 calclilatione of the C’, ●nd C7
teata were p~rfo~d ●t the ● am tima ● s $.hsma

●xperirnrte. (~) Thtise calculation end the pro
Liminmry ●nalysio wre done with no B priori
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Injsction Clmddim
Prosiuro t~rmtura

XIPt ~. Urns) (K)

1 6.6 1173.0
2 S.s 873.0
3 2.5 573.0
● 3.7 5?3.0
5 5.04 1173.0

knouledgo of the ●xperimntal roeultn (tha otm
●xcoption vu thst it mm known t-t *tit .tilf
of the injector fusl invantory of 4 * war in-

jsctad) The only itiormation furniohod by UL

U8- that nacemaary to ●at up the SI~R-11 .wlcu-
lmtiona. It included (t) the goontrias of the
teat naction. C-L 11 loop, end injactor ●ystao;
(b) tha fual and cooknt t~aratureo ●t the in-
jactlon tk; (c) Lk ataady-state prtirruro
drops; (d) the prmseura hiutory of tha nrSon
driver gas in the themita injector; and (o) the
●temdy-stata mnd th? initial tran~ient ●odium
flows. The ●nalynls model io ●houn in Fig. 6,

Typically, the cslculetlonm nhoued fuel
flowing from the fuel injector tmnk and down
through the injactor tube and Mlting throuSh the
diaphrmgm ●t the point of injection into the tent
nect lon. There Warn than a fuel-coolant intorec-
tlon (FCI) thet reversed the flow of the fuml in
the injec’or tube md clothed mlton fuel to tlw
‘War Part Of the fuel injector t~nk, A littls
leec thmn .nelf the fuel inventor~ froze as crest
on tho tank nllu. Tht r~ining fuel then wna
driv~n >mck through the injector tube to thg teet
nect Lon. Sacauoe the original FCI hed cauaed
voiding in the toet ●action in the nsighborhod
of the injection point, fuel *SM relatively free
to inter tha tcot aectlon.

The SIWER-11 celculatlonn vwra made in cy-
lindrical coor~inatee uith azimthal o-try.
HouoVer, the ●xperi~nts did not have this ●ym-
rntry bocaune of tho injector. Thue, ● c~*ri-
aon of the fine detsiln of tha ●rporimntal and

calculated ronulta in not appropriate in genmral.
Hovavar, c-arisons of the ovorall reeultc ●how-
●d thet, in ~st Lmtances. sIMSE-11 did ● re-
nmrkablo job. The c~erieonm ohowed th.et the
SI~EB-11 calculmtlone vere rmasonhbla for (a)

predictin~ the emount of fuel injected Lnto tha
teet section, (b) trackl~ the liquld-void inter-
fmcoo bth up ●d down Lti taot oection, (c) pr~-

ticting the tert-eaction total mme flon at eny
time durint tha injection, Md (d) ●uplslni~ the
qumlltmtLve bhavior of the FCIO,

0.5
0.5
2.0

2.0

2.0

●anotretion

0.45 0.43
0.30 0.43
0.35 0.34
0.37 0.41
1.40 1.40

—
—
—
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t{ i
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Pig, 6. SI~ER-11 cmlculmtioaal model for the
analyoi~ of CMIIL-11 ts~to C6 ●nd c7,

The tech ~olo~y bane for saeesoing moltan
fuel rmmval from dieruptins cores durin~ Cl)Ae
in tXFBEn Le currently sufficient for ●valuating
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